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(57) ABSTRACT 

The present invention relates to a composition for eliciting a 
specific cytotoxic T lymphocyte (CTL) response against T 
cell epitopes in a mammal, which comprises a compound 
provoking lymphocytopenia, a molecule having selective 
affinity for professional antigen presenting cells (APC), 
wherein said molecule is associated to said T cell epitope, and 
optionally, a pharmaceutical acceptable carrier. Advanta 
geously, the composition further contains an adjuvant. Said 
composition may be used in anti-infections and anti-cancer 
therapies. 
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COMPOSITION FOR ELCITING ASPECIFIC 
CTL RESPONSE, COMPRISINGA 

LYMPHO-ABLATIVE COMPOUND ANDA 
MOLECULE THAT CONTAINS ANTIGENC 
SEQUENCES AND TARGETS PROFESSIONAL 

ANTIGEN PRESENTING CELLS 

FIELD OF THE INVENTION 

0001. The present invention relates to a pharmaceutical 
composition for eliciting a specific cytotoxic T lymphocyte 
(CTL) response against at least one T cell epitope in a mam 
mal, which comprises: 

0002 a first compound provoking lymphocytopenia; 
0003 as a second compound, a molecule having selec 
tive affinity for professional antigen presenting cells 
(APC), wherein said molecule is associated to said T cell 
epitope; and 

0004 optionally, a pharmaceutical acceptable carrier. 
0005. The invention also relates to a pharmaceutical com 
position comprising: 

0006 a first compound provoking lymphocytopenia; 
0007 as a second compound, a molecule having selec 
tive affinity for APC, wherein said molecule is associ 
ated to at least one T cell epitope of an antigen derived 
from an infectious disease agent; and 

0008 optionally, a pharmaceutical acceptable carrier, 
0009 as a combined preparation for simultaneous, sepa 
rate or sequential use in the treatment and/or prevention of an 
infectious disease in a patient. 
0010. The invention further relates to a pharmaceutical 
composition comprising: 

0011 a first compound provoking lymphocytopenia; 
0012 as a second compound, a molecule having selec 
tive affinity for APC, wherein said molecule is associ 
ated to at least one T cell epitope of an antigen derived 
from a cellular malignancy, dysplasia, tumour or cancer, 
and 

0013 optionally, a pharmaceutical acceptable carrier, 
0014 as a combined preparation for simultaneous, sepa 
rate or sequential use in the treatment and/or prevention of 
respectively cellular malignancy, dysplasia tumour or cancer 
in a patient. 

BACKGROUND 

0015 The ability of anticancer drugs to facilitate the 
acquisition of antitumor immunity by tumor bearers has been 
recognized. Several anticancer drugs such as cyclophospha 
mide (1-7), L-PAM4 (8), 1,3-bis(2-chloroethyl)-1-ni 
trosourea (9), vinblastine (10), fludarabine and bleomycin 
(11) have been shown to enhance the acquisition of T cell 
mediated antitumor responses in a variety of animal tumor 
models (1, 5, 6, 8-11) and in patients with advanced mela 
noma (2-4) or advanced renal carcinoma (7). 
0016 Studies into the mechanisms through which the anti 
cancer drugs enhance the acquisition of T cell-dependent 
tumor-eradicating immunity in tumor bearers revealed that 
the chemotherapy leads to a shift in the cytokine profile from 
anti-inflammatory cytokines (such as TGF-B and IL-10) with 
inhibitory activity for CTL generation toward proinflamma 
tory cytokines (e.g., TNF-C, IFN-7, and GM-CSF) that favor 
the development of antitumor cell-mediated immunity. 
0017. In particular, fludarabine is an immunosuppressive 
purine analogue that has been used mostly in the treatment of 

Apr. 28, 2011 

indolent lymphoid malignancies (12). Repeated cycles of 
fludarabine therapy induce a profound T-cell depletion, par 
ticularly of CD4+ T cells (13). Unlike other immunosuppres 
sive cytotoxic drugs, such as cyclophosphamide, fludarabine 
induces lymphocyte apoptosis in both dividing cells as well as 
cells in the GO-G1 phase of the cell cycle. This cell cycle 
independent activity may be attributed to the drug's inhibition 
of STAT1 signaling (14). 
0018 So far immuno-therapy of cancer and chronic infec 
tious diseases has had limited Success. The inventors show in 
the present application that a combination of lympho-ablative 
drugs with recombinant proteinous vaccines show much 
more encouraging results. 
0019. As lympho-ablative drugs kill (apoptosis) or render 
lymphocytes inactive (anergic), they are expected to reduce 
the effectiveness of vaccines that deliver antigens to profes 
sional antigen presenting cells. 
0020. In particular, the adenylate cyclase (CyaA) of Bor 
detella pertussis has the capacity to deliver its catalytic 
domain into the cytosol of eukaryotic cells (15). Thus CD4+ 
and CD8+ T cell epitopes inserted into the catalytic site of 
CyaA are processed and presented by MHC class II and I 
molecules, respectively, at the Surface of antigen-presenting 
cells (APC: (16)). 
0021. Furthermore, CyaA was shown to bind specifically 
to the CMB2 integrin (CD11b/CD18: (17)), and therefore to 
target these T cell epitopes to the CD11b+dendritic cell sub 
population (18). 
0022 Immunization of mice with recombinant Cya.As 
bearing appropriate T cell epitopes led to the induction of 
strong CTL responses, full protection against a lethal viral 
challenge, and efficient prophylactic and therapeutic anti 
tumor immunity (19-21). 
0023 Despite many encouraging results at the pre-clinical 
level, translation of adoptive cell-based immunotherapies to 
the clinic has faced many failures. According to Rosenberg 
(22), the objective response rate of immunotherapeutic trials 
in cancer remains below 3%, the better results being obtained 
with techniques based on autologous adoptive cell transfer 
therapies. This approach is laborious, expensive and difficult 
to generalize safely. Hence, it is of interest to specify at the 
pre-clinical level, Strategies to improve adoptive cell-based 
immunotherapies. 

SUMMARY OF THE INVENTION 

0024. The invention relates to a method for eliciting in a 
mammal a specific cytotoxic T lymphocyte (CTL) response 
against at least one T cell epitope, the method comprising 
administering to a mammal in need thereof: 

0025 a compound provoking lymphocytopenia; and 
0026 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which comprises 
a foreign antigen that bears at least one said T cell 
epitope. 

0027. In an embodiment, the invention relates to a method 
for inducing a therapeutic immune response in a mammalian 
patient Suffering from a chronic infectious disease, or of a 
cellular malignancy, dysplasia, tumor or cancer, which 
method comprises administering to a patient in need thereof: 

0028 a composition comprising a compound provok 
ing lymphocytopenia; and 

0029 a composition comprising a molecule, with selec 
tive affinity for professional antigen presenting cells 
(APC), that bears an antigen of respectively the infec 
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tious disease agent or of the cellular malignancy, the 
dysplasia, the tumor or the cancer. 

0030. In an additional embodiment, the invention relates 
to a pharmaceutical composition for eliciting in a mammal a 
specific cytotoxic T lymphocyte (CTL) response against at 
least one T cell epitope or for inducing a therapeutic immune 
response in a mammalian patient Suffering from a chronic 
infectious disease, or of a cellular malignancy, dysplasia, 
tumor or cancer, wherein said composition comprises: 

0031 a compound provoking lymphocytopenia; 
0032 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which is associ 
ated to said at least one T cell epitope or which is asso 
ciated to an antigen of respectively the infectious disease 
agent or of the cellular malignancy, the dysplasia, the 
tumor or the cancer; and 

optionally, a pharmaceutical acceptable carrier. 
0033. In an additional embodiment, the invention relates 
to a kit for eliciting in a mammal a specific cytotoxic T 
lymphocyte (CTL) response against at least one T cell epitope 
or for inducing a therapeutic immune response in a mamma 
lian patient Suffering from a chronic infectious disease, or of 
a cellular malignancy, dysplasia, tumor or cancer, wherein 
said kit comprises: 

0034 a composition comprising a compound provok 
ing lymphocytopenia; and 

0035 a composition comprising a molecule, with selec 
tive affinity for professional antigen (APC), which com 
prises a foreign antigen that bears at least one said T cell 
epitope bearing an antigen of respectively the infectious 
disease agent or of the cellular malignancy, the dyspla 
sia, the tumor or the cancer. 

0036. In an additional embodiment, the invention relates 
to a method for the prevention or for the treatment of an 
infection in a mammal patient, wherein the agent responsible 
of said infection expresses a specific antigen containing at 
least one T cell epitope, said method comprising the admin 
istration to a patient in need thereof of a composition com 
prising: 

0037 a compound provoking lymphocytopenia; and 
0038 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which comprises 
a foreign antigen that bears at least one said T cell 
epitope that comprises said antigen specific of said agent 
responsible of said infection or at least one T cell epitope 
contained in said antigen. 

0039. In an additional embodiment, the invention relates 
to a method for the prevention or for the treatment of a cancer 
in a mammal patient, particularly cancer of the respiratory 
and digestive tractus, wherein the tumour cells express the 
human CEA protein, said method comprising the administra 
tion to a patient in need thereof of 

0040 a composition comprising a rabbit or a horse 
polyclonal anti-lymphocyte or anti-thymocyte antibody 
(ATG) provoking lymphocytopenia; and in addition 

0041 a composition comprising a recombinant adeny 
late cyclase carrying the A3-B3 region of the human 
CEA protein. 

0042. In an additional embodiment, the invention relates 
to a method for the prevention or for the treatment of a cancer 
induced by a HPV in a mammal patient, wherein the tumour 
cells express the E7 oncogene of HPV, said method compris 
ing the administration to a patient in need thereof of 
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0.043 a composition comprising a rabbit or a horse 
polyclonal ATG provoking lymphocytopenia; and Sub 
sequently 

0044 a composition comprising a recombinant adeny 
late cyclase carrying the E7 oncogene from HPV. 

BRIEF DESCRIPTION OF THE DRAWINGS 

004.5 FIG. 1 (example 1): SDS-PAGE analysis of the CEA 
recombinant proteins. 
0046 Three micrograms of the purified proteins were 
separated on a 4% to 15% gradient SDS polyacrylamide gel 
and stained by Coomassie blue. Lane 1, wild-type CyaA: lane 
2, CyaA-CEAs, lane 3, Cya AA-CEAs, lane 4, 
CEAusgs. 
0047 FIG. 2 (example 1): Polarized Th1 response induced 
by prime-boost immunization with recombinant CEA pro 
teins. 
0048 Immunizations performed iv with 50 lug of recom 
binant CEA proteins were boosted id 7 and 14 days later with 
10 ug of similar material. Seven days after last immunization, 
CEA-specific IFN-Y producing cells were detected by FACS 
analysis and intracellular cytokine staining. Data are 
expressed as the median percentages of CD4+ or CD8+ cells 
expressing IFN-Y (n-3) upon restimulation. Backgrounds 
results obtained with non-stimulated splenocytes are Sub 
stracted. 
0049 FIG. 3 (example 1): Peripheral blood lymphocyte 
depletion induced by immunosuppressive treatment 
0050 Kinetic analysis of the number of lymphocytes in 
peripheral blood following i.p. injection of 200 mg/kg/day 
fludarabine for 6 consecutive days or following a single i.p. 
injection of 20 mg/kg ATG (upper left panel). The three other 
panels show the kinetic analysis of the percentages of CD4+, 
CD8+ and B220+ lymphocytes in peripheral blood following 
above-described immunosuppressive treatment. 
0051 FIG. 4 (example 1): Increased magnitude of CEA 
specific Th1 response as a result of immunosuppression and 
prime-boost immunization. 
0.052 Fludarabine- or ATG-based immunosuppressive 
treatments were applied to animals 10 days prior to prime 
boost immunization with recombinant CEA proteins. Seven 
days after last immunization, CEA-specific IFN-Y producing 
cells were detected by FACS analysis and intracellular cytok 
ine staining. Data are expressed as the median percentages of 
CD4+ or CD8+ cells expressing IFN-Y (n-3) upon restimu 
lation. Backgrounds results obtained with non-stimulated 
splenocytes are substracted. 
0053 FIG. 5 (example 1): Increased survival median fol 
lowing CyaA-CEAA3B3 prime boost immunization as a 
result or prior lymphoablation. 
0054 Fludarabine- or ATG-based immunosuppressive 
treatments were applied to animals 5 days prior to Sc tumor 
inoculation with 2x10 B16FOCEA-GFP cells. (A) Three 
days after tumor cells injection, animals were Subjected to 
prime boost immunization with recombinant CEA proteins. 
Tumor growth was monitored regularly thereon. Mice were 
sacrificed when sanitary status commanded. Survival curves 
are shown. Animals from control setting (CTRL) were not 
Subjected to immunosuppression. (B) Same as in A, but 
immunotherapy was performed 5 days after tumor injection. 
0055 FIG. 6 (example 2): SDS-PAGE analysis of the CEA 
recombinant proteins 
0056 Three micrograms of the purified proteins were 
separated on a 4% to 15% gradient SDS polyacrylamide gel 
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and stained by Coomassie blue. Lane 1, CyaA-HPV 16E7AA; 
lane 2, CyaA-CEAs, lane 3, CyaAA-CEAs, lane 4, 
His-tag CEA. 
0057 FIG. 7 (example 2): Th1 response induced by prime 
boost immunization with recombinant CEA proteins. 
0058 Immunizations performed iv with equimolar 
amounts of indicated recombinant proteins (50 g for CyaAs, 
19.2 ug for His-tag CEA) in presence of 10 ug CpG, were 
boosted id 7 and 14 days later with 10 ug of similar material 
(3.8 ug for His-tag CEA) and 2 ug of CpG. Seven days after 
last immunization, CEA-specific IFN-Y producing CD8+ 
cells were detected by ex vivo ELISpot assay using 1 lug/ml 
CEA pepscan. Data are expressed as the median numbers of 
Y-IFN spot forming colonies, SFC (n=3). 
0059 FIG. 8 (example 2): Peripheral blood lymphocyte 
depletion induced by immunosuppressive treatment. 
0060 Kinetic of the number of lymphocytes (CD4+, 
CD8+, CD49d+ and B220+) in peripheral blood following 
i.p. injection of 100 mg/kg/day Fludarabine for 6 days or 
following a single i.p. injection of 20 mg/kg ATG. Controls 
are injected with PBS or with 20 mg/kg of normal rabbit 
serum (NRS) 
0061 FIG. 9 (example 2): Increased magnitude of CEA 
specific Th1 response as a result of immunosuppression and 
prime-boost immunization. 
0062) ATG- or Fludarabine-based immunosuppressive 
treatments were applied to animals 7 days prior to prime boost 
immunization with recombinant proteins. Immunizations 
performed iv with equimolar amounts of indicated recombi 
nant proteins (50 g for CyaAs, 19.2 ug for His-tag CEA) in 
presence of 10 ug CpG, were boosted id 7 days later with 10 
ug of similar material (3.8 Jug for His-tag CEA) and 2 ug of 
CpG. Seven days after last immunization, CEA-specific 
IFN-Y producing CD8+ cells were detected by ex vivo 
ELISpot assay using 1 lug/ml CEA pepscan. Data are 
expressed as the median numbers of Y-IFN spot forming 
colonies, SFC (n=2). 
0063 FIG. 10 (example 2): Increased survival median fol 
lowing CyaA-CEA prime boost immunization as a result 
or prior lymphoablation. 
I0064. Tumor inoculation was performed with 5x10 
MCa32A cells. Three days later ATG- or Fludarabine-based 
immunosuppressive treatments were applied. Control ani 
mals received normal rabbit serum. Ten days after tumor cells 
injection (7 after immunosuppression), animals were Sub 
jected to prime boost immunization with recombinant pro 
teins. Immunizations performed iv with equimolar amounts 
of indicated recombinant proteins (50 ug for CyaAs, 19.2 ug 
for His-tag CEA) in presence of 10 ug CpG, were boosted id 
7 days later with 10 ug of similar material (3.8 Lug for His-tag 
CEA) and 2 g of CpG. Tumor growth was monitored regu 
larly thereon. Mice were sacrificed when sanitary status com 
manded. Survival curves are shown. 

DETAILED DESCRIPTION 

0065. The inventors have now discovered that the poten 
tiating effect of lympho-ablative agents such as anti-thy 
mocyte immunoglobulin (ATG) or fludarabine to facilitate 
the acquisition of therapeutic immunity by the patient, is 
Substantially enhanced if the antigen(s) in the drug formula 
tion are targeted to professional antigen presenting cells 
(APC) in vivo upon administration. 
0066 Vaccine vectors that target professional antigen pre 
senting cells (APC) such as macrophages, neutrophils and 
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dendritic cells have the advantage of selective delivery of 
antigens to these APC's, as result of a specific binding affinity 
for a cell surface factor of the APC's, resulting in stronger 
antigen-specific T cell responses (helper and/or cytotoxic). 
However in combination of lympho-ablative compounds this 
would be expected not to be the case as the final target popu 
lation of lymphocytes are affected, reduced, diminished or 
rendered anergic (non-functional) by said lympho-ablative 
compounds. 
0067. The inventors show that when an antigen is targeted 
to APC's in vivo by a protein vector, the adenylate cyclase 
(CyaA) which has high affinity for the CD11b molecule (spe 
cifically present on APC Such as dendritic cells, macrophages 
and also on neutrophils), Surprisingly they have a much stron 
ger CTL induction that if no ATG-mediated lympho-ablative 
treatment is made. This was unexpected. 
0068. The inventors show that upon ATG-mediated lym 
pho-ablative treatment, this stronger CTL induction is asso 
ciated with an ability to better prevent tumor growth in vivo. 
The inventors also show that fludarabine-mediated lympho 
ablative treatment also inhibits tumor growth. This property 
facilitates the ability of CyaA-based immunotherapy to better 
prevent tumor growth in vivo. 
0069. The inventors have furthermore shown that such 
enhancements are not simply due to the use of immuno 
ablative compounds such as ATG or Fludarabine, but are 
actually due to the CD11b targeting potential of the CyaA 
based vector and can be extrapolated to other systems that 
target APC's such as Heat Shock Proteins. This conclusion 
can be drawn because of three reasons: 
(0070) 1. The CyaA vector deleted for its CD11b binding 
motif on APCs, no longer targets APCs, and is not only less 
active than the Cya A vector but in addition does not measur 
ably improve the induction of an immune response against the 
inserted foreign antigen (CEAA3B3) when the tested animals 
were priory treated with an immuno-depletory compound: 
ENHANCEMENT BY THE CD11b TARGETING 
FUNCTION of the vaccine. 
0071 2. The CEA antigen without the molecule having 
selective affinity for APC, adjuvanted with CpG or with Poly 
ICLC or with Monophosphoryl A., induces a significant 
immune response against CEA depending on the technique 
used to detect immunogenicity. In contrast, when the tested 
animals were priory treated with an immuno-depletory com 
pound, the induction of an immune response against the for 
eign antigen (CEA) does not measurably improve : NO 
ENHANCEMENT BY ADJUVANT THAT DOES NOT 
TARGET SPECIFIC CELLS. 
0072. 3. The inventors have preliminary evidence suggest 
ing that a comparable immuno-potentiation can be obtained 
with a fusion protein of Hsp65 with CEAA3B3. The Hsp65 
protein vector carrying CEAA3B3, targets APC by recogni 
tion of its Toll-Like Receptors (TLR4) on the surface: 
ENHANCEMENT BY THE APC TARGETING FUNC 
TION of the vaccine. 
0073 Consequently, in one aspect the present invention 
relates to a pharmaceutical composition for eliciting a spe 
cific cytotoxic T lymphocyte (CTL) response against at least 
one T cell epitope in a mammal, which comprises: 

0.074 a first compound provoking lymphocytopenia; 
0075 as a second compound, a molecule having selec 
tive affinity for professional antigen presenting cells 
(APC), wherein said molecule is associated to said T cell 
epitope; and 

0.076 optionally, a pharmaceutical acceptable carrier. 
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0077 Advantageously, the first compound is capable of 
provoking transient T cell depletion. More advantageously, 
the first compound is selected from the group consisting of 
polyclonal anti-lymphocyte and anti-thymocyte immunoglo 
bulins (ATG) such as rabbit or horse polyclonal anti-lympho 
cyte and anti-thymocyte immunoglobulins (ATG), purine, 
pyrimidine analogs, alkylating agents, monoclonal and poly 
clonal antibodies capable of the peripheral and/or central 
depletion of T. Band NKlymphocytes. It may be fludarabine 
or cyclophosphamide. The antibodies capable of depleting 
lymphocytes are selected from the group consisting of anti 
CD8, anti-CD4, anti-CD25, anti-CD3 and anti-CD52 mono 
clonal antibodies. 

0078. In a particular embodiment, the molecule having 
selective affinity for APC is selected from the group consist 
ing of adenylate cyclases, heat shock proteins (HSP), Shiga 
toxin and LAG-3. Preferably, the adenylate cyclase is from 
Bordetella pertussis, the HSP is selected from the group 
consisting of hsp65 and hsp70, said hsp65 and hsp70 being 
advantageously from Mycobacterium bovis, and said shiga 
toxin is from Shigella dysenteriae. 
0079. In a preferred embodiment, the pharmaceutical 
composition according to the invention further comprises an 
adjuvant. Adjuvants are well known from the skilled person 
and may be used indifferently in the present invention. It may 
be advantageously a toll-like receptor (TLR) ligand of class 3 
(e.g. poly-ICLC), a TLR-9 ligand (e.g. CpG) or a TLR-4 
ligand (e.g. monophosphoryl-A), and more advantageously 
the CpG adjuvant of sequence SEQ ID N° 16 wherein the 
bases are phosphorothioate. Said adjuvant is preferably in 
Solution with the second compound. 
0080. In a further preferred embodiment, the molecule 
having selective affinity for APC is covalently coupled to said 
at least one T cell epitope. Advantageously, the molecule 
having selective affinity for APC and said at least one T cell 
epitope are polypeptides encoded by DNA sequences fused 
by recombinant DNA technology. 
0081. In the pharmaceutical composition according to the 
invention, said T cell epitope is from an antigen derived from 
an infectious disease agent or from a cellular malignancy, 
dysplasia, tumour or cancer. Preferably, the infectious disease 
agent is selected from the group consisting of human papil 
loma virus (HPV), human immunodeficiency virus (HIV), 
hepatitis B virus (HBV), hepatitis C virus (HCV), Chlamydia 
trachomatis and Mycobacterium tuberculosis. Also prefer 
ably, the antigen derived from the cellular malignancy, dys 
plasia, tumour or cancer is selected from the group consisting 
of carcino-embryonic antigen (CEA), MAGE-A3, telom 
erase (TERT). E7 oncogene from the human papilloma virus 
(HPV) and P53. 
0082. The invention also relates to the pharmaceutical 
composition as described above for use as a prophylactic or 
therapeutic vaccine. 
0083. In a preferred embodiment, the mammal is a human. 
0084. The pharmaceutical composition according to the 
invention is advantageously formulated for intramuscular, 
intravenous, intradermal, cutaneous, Subcutaneous, intraperi 
toneal, mucosal or oral administration. 
0085. The invention further relates to a pharmaceutical 
composition comprising: 

0086) 
I0087 as a second compound, a molecule having selec 

tive affinity for APC, wherein said molecule is associ 

a first compound provoking lymphocytopenia; 
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ated to at least one T cell epitope of an antigen derived 
from an infectious disease agent; and 

0088 optionally, a pharmaceutical acceptable carrier, 
as a combined preparation for simultaneous, separate or 
sequential use in the treatment and/or prevention of an infec 
tious disease in a patient. 
I0089. In a preferred embodiment of the combined prepa 
ration, the first compound is administered before the second 
compound. Advantageously, the second compound is in solu 
tion with an adjuvant. Advantageously, the adjuvant is a toll 
like receptor (TLR) ligand selected from the group consisting 
of TLR ligands of class 3 such as poly-ICLC, TLR ligands of 
class 9 such as CpG and TLR ligands of class 4 such as 
monophosphoryl-A. 
0090 The invention also relates to a pharmaceutical com 
position comprising: 

0.091 a first compound provoking lymphocytopenia; 
0092 as a second compound, a molecule having selec 
tive affinity for APC, wherein said molecule is associ 
ated to at least one T cell epitope of an antigen derived 
from a cellular malignancy, dysplasia, tumour or cancer, 
and 

0.093 optionally, a pharmaceutical acceptable carrier, 
as a combined preparation for simultaneous, separate or 
sequential use in the treatment and/or prevention of respec 
tively cellular malignancy, dysplasia tumour or cancer in a 
patient. 
0094. In a preferred embodiment of the combined prepa 
ration, the first compound is administered before the second 
compound. Advantageously, the second compound is in solu 
tion with an adjuvant. Advantageously, the adjuvant is a toll 
like receptor (TLR) ligand selected from the group consisting 
of TLR ligands of class 3 such as poly-ICLC, TLR ligands of 
class 9 such as CpG and TLR ligands of class 4 such as 
monophosphoryl-A. 
0.095 Advantageously, the pharmaceutical composition 
according to the invention is for use in the treatment and/or 
prevention of a cancer wherein the cancer cells express the 
human CEA protein, advantageously cancer of the respira 
tory and digestive tractus, wherein the first compound is a 
rabbit or a horse polyclonal ATG and the second compound is 
a recombinantadenylate cyclase carrying the A3-B3 region of 
the human CEA protein. 
0096. In another advantageous embodiment, the pharma 
ceutical composition according to the invention is for use in 
the treatment and/or prevention of a cancer wherein the can 
cer cells express the CEA protein such as the human CEA 
protein, advantageously cancer of the respiratory and diges 
tive tractus, wherein the first compound is fludarabine and the 
second compound is a recombinant adenylate cyclase carry 
ing the A3-B3 region of the human CEA protein. 
0097. In another advantageous embodiment, the pharma 
ceutical composition according to the invention is for use in 
the treatment and/or prevention of a cancer induced by HPV 
wherein the cancer cells express the E7 oncogene of HPV, 
wherein the first compound is a rabbit or a horse polyclonal 
ATG and the second compound is a recombinant adenylate 
cyclase carrying the E7 oncogene of HPV. 
0098. Alternately, the pharmaceutical composition 
according to the invention is for use in the treatment and/or 
prevention of a cancer induced by HPV wherein the cancer 
cells express the E7 oncogene of HPV, wherein the first com 
pound is fludarabine and the second compound is a recombi 
nant adenylate cyclase carrying the E7 oncogene of HPV. 
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0099. The invention also relates to a method for eliciting in 
a mammal a specific cytotoxic T lymphocyte (CTL) response 
against at least one T cell epitope, the method comprising 
administering to a mammal in need thereof: 

0100 a compound provoking lymphocytopenia; and 
0101 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which comprises 
a foreign antigen that bears at least one said T cell 
epitope. 

0102) According to the present invention said T cell 
epitope may be a T cell epitope from an antigen derived from 
an infectious disease agent or a cellular malignancy, dyspla 
sia, tumor or cancer. 
0103) According to the present invention the compound 
provoking lymphocytopenia and the molecule, with selective 
affinity for professional antigen presenting cells (APC), 
which comprises a foreign antigen that bears at least one said 
T cell epitope may be administered simultaneously, sepa 
rately or successively to the patient, preferably when said 
compound and said molecule are administered Successively 
to the patient, said compound provoking lymphocytopenia 
may be administered before said molecule, with selective 
affinity for professional antigen presenting cells (APC), 
which comprises a foreign antigen that bears at least one said 
T cell epitope. 
0104. According to the present invention, when the com 
pound provoking lymphocytopenia and the molecule, with 
selective affinity for professional antigen presenting cells 
(APC), which comprises a foreign antigen that bears at least 
one said T cell epitope are administered simultaneously, said 
compound and said molecule may be administered in a same 
or in a separate composition. 
0105. In another embodiment, the present invention 
relates to a method for inducing a therapeutic immune 
response in a mammalian patient Suffering from a chronic 
infectious disease, or of a cellular malignancy, dysplasia, 
tumor or cancer, which method comprises administering to a 
patient in need thereof: 

0106 a composition comprising a compound provok 
ing lymphocytopenia; and 

0107 a composition comprising molecule, with selec 
tive affinity for professional antigen presenting cells 
(APC), which comprises a foreign antigen that bears at 
least one said T cell epitope that bears an antigen of 
respectively the infectious disease agent or of the cellu 
lar malignancy, the dysplasia, the tumor or the cancer. 

0108. According to the present invention, the composition 
comprising the compound provoking lymphocytopenia and 
the composition comprising the molecule, with selective 
affinity for professional antigen presenting cells (APC), 
which comprises a foreign antigen that bears at least one said 
T cell epitope may be administered simultaneously, sepa 
rately or successively to the patient, preferably when said 
compound and said molecule are administered Successively 
to the patient, said compound provoking lymphocytopenia is 
administered before said molecule, with selective affinity for 
professional antigen presenting cells (APC), which com 
prises a foreign antigen that bears at least one said T cell 
epitope. 
0109 According to the present invention, when the com 
position comprising the compound provoking lymphocy 
topenia and the composition comprising the molecule, with 
selective affinity for professional antigen presenting cells 
(APC), which comprises a foreign antigen that bears at least 

Apr. 28, 2011 

one said T cell epitope are administered simultaneously, said 
compositions may be administered in a same or in a separate 
composition. 
0110. According to the present invention said mammalian 
patient may be a human. 
0111. In another embodiment, the present invention 
relates to a pharmaceutical composition for eliciting in a 
mammal a specific cytotoxic T lymphocyte (CTL) response 
against at least one T cell epitope or for inducing atherapeutic 
immune response in a mammalian patient Suffering from a 
chronic infectious disease, or of a cellular malignancy, dys 
plasia, tumor or cancer, wherein said composition comprises: 

0112 a compound provoking lymphocytopenia; 
0113 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which is associ 
ated to said T cell epitope or which is associated to an 
antigen of respectively the infectious disease agent or of 
the cellular malignancy, the dysplasia, the tumor or the 
cancer, and 

optionally, a pharmaceutical acceptable carrier. 
0114. In another embodiment, the present invention 
relates to a kit for eliciting in a mammal a specific cytotoxic 
T lymphocyte (CTL) response against at least one T cell 
epitope or for inducing a therapeutic immune response in a 
mammalian patient Suffering from a chronic infectious dis 
ease, or of a cellular malignancy, dysplasia, tumor or cancer, 
wherein said kit comprises: 

0115 a composition comprising a compound provok 
ing lymphocytopenia; and 

0116 a composition comprising molecule, with selec 
tive affinity for professional antigen presenting cells 
(APC), which comprises a foreign antigen that bears at 
least one said T cell epitope bearing an antigenofrespec 
tively the infectious disease agent or of the cellular 
malignancy, the dysplasia, the tumor or the cancer. 

0117. According to the present invention, the pharmaceu 
tical composition or the kit may be a vaccine. 
0118. According to the present invention, the composition 
may be formulated for intramuscular, intravenous, intrader 
mal, cutaneous, Subcutaneous, intraperitoneal mucosal, or 
oral administration. 
0119. According to the present invention molecule, the 
molecule with selective affinity for professional antigen pre 
senting cells (APC), which comprises a foreign antigen that 
bears at least one said T cell epitope consists of a molecule 
with selective affinity for professional antigen presenting 
cells (APC) that may be covalently coupled to said antigen 
bearing at least one T cell epitope. 
I0120 According to the present invention, the molecule, 
with selective affinity for professional antigen presenting 
cells (APC) and said antigen bearing at least one T cell 
epitope may be polypeptides encoded by DNA sequences 
fused by recombinant DNA technology. 
0121 According to the present invention, the compound 
provoking lymphocytopenia may be a compound capable of 
provoking transient T cells depletion. 
0122. According to the present invention, the compound 
provoking lymphocytopenia may be selected from the group 
consisting of ATG and fludarabine. 
I0123. According to the present invention, the molecule 
having selective affinity for professional antigen presenting 
cells may be selected from the group consisting of adenylate 
cyclase (CyaA), Heat Shock Protein (HSP) shigatoxin, and 
LAG-3. 
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0124. In an embodiment, the invention concerns a method 
of use of the adenylate cyclase (CyaA) vector derived from 
Bordetella pertussis, whereby the CyaA vector shows 
improved performance as vaccine vector when used in com 
bination with lympho-ablative compounds in comparison 
with vaccines that do not target professional antigen present 
ing cells. 
0.125. In an embodiment, the invention concerns a phar 
maceutical composition of matter consisting of an ingredient 
comprising an ATG and an ingredient comprising a CyaA that 
harbours foreign antigenic sequences. Said antigenic 
sequences can be derived from any infectious disease agent 
provoking chronic infection and from any abnormally divid 
ing mammalian cell, dysplasia, tumour or cancer. 
0126. In an embodiment, the invention concerns a phar 
maceutical composition of matter consisting of an ingredient 
comprising fludarabine and an ingredient comprising a CyaA 
that harbours foreign antigenic sequences. Said antigenic 
sequences can be derived from any infectious disease agent 
provoking chronic infection and from any abnormally divid 
ing mammalian cell, dysplasia, tumour or cancer. 
0127. According to the present invention, said adenylate 
cyclase may be from Bordetella pertussis or said HSP is 
hsp65 is from Mycobacterium bovis, hsp70, more preferably 
hsp65 or said shigatoxin is from Shigella dysenteriae. 
0128. According to the present invention, said T cell 
epitope are selected from the group consisting of: 

I0129. T cell epitope from tumour antigen selected from 
the group consisting of carcino-embryonic antigen 
(CEA), particularly carrying the A3-B3 region, MAGE 
A3, TERT, the E7 oncogene from the Human Papillo 
mavirus (HPV) and P53; and 

0.130 T cell epitope from infectious agent selected from 
the group consisting of HPV. HIV, HBV, HCV, Chlamy 
dia trachomatis, and Mycobacterium tuberculosis, 

0131. In another embodiment, the present invention 
relates to a method for the prevention or for the treatment of 
a tumour, particularly a malignant tumour, in a mammal 
patient, wherein the tumour cells express a specific tumour 
associated-antigen, said tumour associated-antigen present 
ing a T cell epitope, said method comprising the administra 
tion to a patient in need thereof of a composition comprising: 

0132 a compound provoking lymphocytopenia; and 
0.133 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which comprises 
a foreign antigen that bears at least one said T cell 
epitope, which comprises said tumour associated-anti 
gen specific of said tumour or said T cell epitope con 
tained in said tumour associated antigen. 

0134. The present invention also relates to a method for 
the prevention or for the treatment of a tumour, particularly a 
malignant tumour, in a mammal patient, wherein the tumour 
cells express a specific tumour associated-antigen, said 
tumour associated-antigen presenting a T cell epitope, said 
method comprising the administration to a patient in need 
thereof of a composition comprising: 

0.135 a compound provoking lymphocytopenia; and 
0.136 a molecule, with selective affinity for profes 
sional antigen presenting cells (APC), which comprises 
a foreign antigen that bears at least one said T cell 
epitope, which comprises said tumour associated-anti 
gen specific of said tumour or said T cell epitope con 
tained in said tumour associated antigen. 
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0.137 In another embodiment, the present invention 
relates to a method for the prevention or for the treatment of 
an infection in a mammal patient, wherein the agent respon 
sible of said infection expresses a specific antigen presenting 
a T cell epitope, said method comprising the administration to 
a patient in need thereof of a composition comprising: 

0.138 a compound provoking lymphocytopenia; and 
0.139 molecule, with selective affinity for professional 
antigen presenting cells (APC), which comprises a for 
eign antigen that bears at least one said T cell epitope 
that comprises said antigen specific of said agent respon 
sible of said infection or at least one T cell epitope 
contained in said antigen. 

0140. In another embodiment, the present invention 
relates to a method for the prevention or for the treatment of 
a cancer in a mammal patient, particularly cancer of the 
respiratory or digestive tractus, wherein the tumour cells 
express the CEA, said method comprising the administration 
to a patient in need thereof of: 

0141 a composition comprising the compound ATG 
provoking lymphocytopenia; and Subsequently 

0.142 a composition comprising a recombinant adeny 
late cyclase carrying the A3-B3 region of CEA protein. 

0143. In another embodiment, the present invention 
relates to a method for the prevention or for the treatment of 
a cancer induced by a HPV in a mammal patient, wherein the 
tumour cells express the E7 oncogene of HPV, said method 
comprising the administration to a patient in need thereof of 

0.144 a composition comprising a rabbit or horse poly 
clonal ATG provoking lymphocytopenia; and Subse 
quently 

0145 a composition comprising a recombinant adeny 
late cyclase carrying the E7 oncogene From HPV. 

0146 The present invention will be understood more 
clearly on reading the description of the experimental studies 
performed in the context of the research carried out by the 
applicant, which should not be interpreted as being limiting in 
nature. 

0147 An industrial application of the present invention 
may bean: 
0.148. Improved adaptive immunotherapy of cancer tar 
geted at malignant or neoplastic cells that specifically express 
the tumour antigens, preferentially CEA, E7, MAGE-A3, 
TERT and P53 polypeptide sequences that each indepen 
dently are jointly inserted into the APC-targeting vaccine 
vector, preferentially recombinant protein vectors such as 
adenylate cyclase (CyaA) vector, Heat Shock protein vectors 
(Hsp65), shigatoxin, or recombinant protein vectors contain 
ing APC ligand sequences such as LAG-3. 
0149 Improved adaptive immunotherapy of latent or 
chronic infectious diseases targeted at infected cells of the 
patient that specifically express antigens of the infectious 
disease agent, preferentially of viruses and in particular HPV, 
HIV, HBV and HCV or of intra-cellular bacteria such as 
Chlamydia trachomatis, Mycobacterium tuberculosis, that 
are inserted into the APC-targeting vaccine vector, preferen 
tially the CyaA vector, or heat shock protein (hsp), shigatoxin 
or recombinant protein vectors containing APC ligand 
sequences such as LAG-3. Improved vaccines comprising an 
APC-targeting vector such as CyaA, Hsp65, Hsp70, Shiga 
toxin, LAG-3, the antigenic sequences of choice derived from 
CEA, E7, MAGE-A3, TERT, P53, HPV, HIV, HBV, HCV, 
Chlamydia trachomatis, Mycobacterium tuberculosis, 
coupled or inserted into the vector and an immuno-depletory 
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molecule such as fludarabine, ATG, whereby the immuno 
depletory component is preferentially administered to the 
patient prior to the other components or concurrently but 
mixed extemporanis. 

EXAMPLES 

0150. The following examples 1 and 2 are similar, except 
the fact that in Example 2, administration of the molecule 
having selective affinity for APCs is made in the presence of 
a CpG adjuvant. 

1. Example 1 

0151. This example concerns the use in a murine model of 
lymphoablative regimen prior to B. pertussis adenylate 
cyclase-based prime boost immunotherapy. Immunosuppres 
sion, mediated by low doses of rabbit anti-thymocytes globu 
lins or fludarabine, was transient and resulted in the induction 
of higher frequencies of antigen-specific T cells upon immu 
notherapeutic treatment. This correlated with a higher ability 
of mice to control/reject the growth of aggressive tumor cells 
expressing the antigen of interest. This approach presents new 
possibilities to improve the therapeutic potential of this vector 
in cancer or other infectious diseases. 
0152 The CarcinoEmbryonic Antigen is a tumor associ 
ated antigen that is over expressed in many malignancies 
particularly from the digestive tract and the lungs. By insert 
ing Sub-fragments of CEA in the catalytic domain of CyaA, a 
construct that demonstrated immunogenicity in C57BL6 
mice has been generated. ATG- and fludarabine-mediated 
lymphodepletion resulted in marked increase in the number 
of CEA-specific T lymphocytes upon prime-boost immuni 
zation with CyaA-CEAA3B3. This phenomenon appeared to 
be specific to vectorization of CEA by CyaA as it was not 
observed for CD8+ lymphocytes upon vaccination with 
CEAA3B3 protein formulated with the CpG adjuvant. From 
experiments evaluating the effect of adjuvants on vaccines 
based on the adenylate cyclase vector, the inventors have 
shown that the frequency of epitope-specific T cell responses 
can be strongly enhanced if the CyaA-based vaccine carrying 
said epitope, is Supplemented with any of following adju 
vants: lipid A (monophosphoryl-A), poly ICLC or CpG. 
which are ligands of the respective Toll-like receptor classes 
3, 4 and 9 (data not shown). 
0153. ATG preparations described in this example are 
polyclonal rabbit IgGs prepared upon immunization with 
lymphocytes or thymocytes. They have been used in human 
transplantation since the late 1960s (23) for the following 
indications: prevention (induction therapy) and treatment of 
acute rejection of organ allografts, including steroid resistant 
rejection, treatment of graft-Versus-host disease after bone 
marrow transplantation (24), therapy of a plastic anemia (25), 
and conditioning of recipients of bone marrow from unrelated 
HLA-matched (26) or haploidentical related donors (27). 

1.1 Materials and Methods 

0154) 1.1.1 Mice, cell lines 
0155 Specific pathogen-free 6- to 10-week-old female 
C57BL/6 mice were obtained from CERJanvier (Le Gesnet 
St-Isle, France). Experiments involving animals were con 
ducted according to the institutional guidelines for animal 
care. Immunosuppressive treatments were administred ip, 
tumor cells, Scandimmunization, iv (retro-orbitally)andid in 
the ear dermis. Blood sampling was performed by tail bleed 
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ing. Splenectomies and lymph node sampling were per 
formed on sacrificed animals (CO2). Axillary, mesenteric and 
inguineal lymph nodes were sampled and pooled for pheno 
typing analysis. 
0156 B16FO cells expressing CEA protein were obtained 
upon co-transduction of plRES-EPI plasmid encoding CEA 
and GFP with rMLV plasmid (Vectalys). B16FOCEA-GFP 
cells were maintained in RPMI 1640 with GlutaMAX supple 
mented with 10% heat inactivated FCS, 100 units/mL peni 
cillin, 100ug/mL streptomycin, and 5x10 mol/L 2-mercap 
toethanol (Life Technologies). 

1.1.2 Cell Numeration and Phenotyping. 
0157 Blood, lymph node cells and splenocytes were pro 
cessed according to previously described methods (28, 29) 
for numeration and flow cytometry assited phenotyping. 
Blood lymphocytes were counted using Türk blue. 

1.1.3 Preparation of Anti Mouse Thymocyte Globulins in 
Rabbit. 

0158 Mouse ATG were prepared by injecting a rabbit sc 
with 5x10 thymocytes sampled on 6-weeks old C57BL/6 
mice. This immunization was boosted 14 days later with an iv 
injection of identical material. Seven days later the animal 
was bled and serum IgG were purified on immobilized protein 
G column (Pierce). Purity was controlled by SDS PAGE 
analysis and quantity was estimated by the Bradford method 
with known concentration rabbit IgG as standards. Rabbit 
ATG was used at a concentration of 20 mg/kg with a single 
injection. As a control, normal rabbit serum was used. 

b 1.1.4 Reagents, Peptides and Oligonucleotides. 

0159 Fludarabine (Sigma) was used at a concentration of 
200 mg/kg/day for 6 consecutive days. Monoclonal antibod 
ies: anti-CD4-APC, anti-CD8-PerCP, anti-B220-FITC and 
anti-IFN-y-FITC were obtained from BD Biosciences. 
0160 A pepscan of 15-mers overlapping by 11 amino 
acids and covering the A3 and B3 domain of the CEA protein 
was designed and obtained from Mimotope TM (Australia). It 
was diluted in DMSO and used at a final concentration of 1 
ug/ml. CpG ODN 1826 was purchased from Proligo (Paris, 
France), it was used at a final dose of 10g per injection. Said 
CpG is of sequence SEQ ID N 16, wherein the bases are 
phosphorothioate (nuclease resistant). 
0.161 1.1.5 Molecular cloning of Recombinant B. pertus 
sis CyaA Carrying CEA A3 and B3 domains. Production and 
purification of recombinant CyaA-CEAA3B3. Recombinant 
adenylate cyclase used in this article were expressed in 
Escherichia coli by using derivatives of plasmid pkTRAC 
HPV 16E7A30-42 which codes for an enzymatically inactive 
CyaA (21). 
0162 CyaA-CEAA3B3 was constructed in two steps. A 

first DNA fragment encoding amino acid residues 492-557 of 
CEA was PCR-amplified using a synthetic CEA gene (Se 
quentia) and primers CEA1 (SEQIDN1:5'-accatcaccgtctct 
gcg-3") and CEA2 (SEQIDN2: 5'-gggcactagtggtcagggtacg 
gttgcc-3'). A second DNA fragment encoding amino acids 
residues 629-687 of CEA was PCR-amplified using CEA 
synthetic gene and primers CEA3 (SEQID N3: 5'-gggcac 
cggtaatggtatccc.gcagcaacac-3') and CEA4 (SEQ. ID N4: 
5'-cgcagagacggtgatggtgttaacggcacccgcagacagace-3'). These 
two DNA fragments (which partly overlap) were purified and 
combined with primers CEA2 and CEA3 in a third PCR to 
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amplify a 395-bp-long DNA fragment. This fragment was 
digested by Nhe and KpnI and inserted between the corre 
sponding sites of pkTRAC-HPV 16E7A30-42 to yield plas 
midpkTRAC-CEAB3. Then, a DNA fragment encoding the 
amino acid residues 545 to 647 of CEA was PCR-amplified 
using the synthetic CEA gene and primers CEA5 (SEQ ID 
N5: 5'-ggg.cgctagccgtctgcagctgtccaatg-3") and CEA6 (SEQ 
ID N6: 5'-cccgggtacccgg.cgtgattittgg.cgata-3"). The purified 
PCR fragment was digested by AgeI and Spel, and ligated 
into plasmid pkTRAC-CEAB3 digested by the same restric 
tion enzymes. 
0163 CyaAA-CEAA3B3 was constructed in three steps. 
First, a DNA fragment corresponding to CyaA amino acid 
sequence 1149 to 1230 was PCR-amplified using pTRACE5 
(30) as DNA and primers CyaAA1 (SEQ ID N9: 5'-gggc 
gagctctggggccacgat-3') and CyaAA2 (SEQ IDN10: 5'-act 
agtgccticgatcccgaag.ccg-3"). A second DNA fragment encod 
ing amino acid residues 1300 to 1356 of CyaA was PCR 
amplified with the same plasmid DNA and primers CyaAA3 
(SEQIDN11: 5'-actagticatgctgtatgg.cgacgc-3") and CyaAA4 
(SEQID N12: 5'-cccggcatgcgcgccggtctgg-3"). These partly 
overlapping DNA fragments were purified and combined 
with primers CyaAA1 and CyaAA4 in a third PCR to amplify 
a 427-bp-long DNA fragment. This fragment was digested by 
SacI and SphI and ligated into plasmid pkTRACC 
CEAA3B3 digested by the same restriction enzymes. The 
resulting plasmid pKTRACA-CEAA3B3, encoded a CyaA 
devoid of binding to the CD11b molecule (31). 
(0164 All constructions were verified by DNA sequencing 
(Genome Express). Recombinant Cya.As were produced in 
the E. coli strain BLR (Novagen) as previously described 
(21). The recombinant proteins were purified to homogeneity 
from inclusion bodies by a two-step procedure that includes 
DEAE-Sepharose and phenyl-Sepharose chromatography. 
An additional washing step with 60% isopropanol was done 
(21) in order to eliminate most of the contaminating 
lipopolysaccharides. Purified recombinant proteins were ana 
lyzed by Coomassie blue-stained SDS-PAGE. Protein con 
centrations were determined spectrophotometrically from the 
absorption at 280 nm using a molecular extinction coefficient 
of 142,000 mol/L 1 cm 1. 
(0165. 1.1.6 Molecular Cloning of Recombinant CEA A3 
and B3 Domains. 

0166 Production and Purification of Recombinant 
CEAA3B3 Protein. 
(0167. The E. coli-optimized cDNA coding for CEAA3B3 
protein was subcloned into pTriEx-1.1 hygro vector 
(Novagen) between the NotI and XhoI restrictions sites after 
PCR amplification with primers CEA7 (SEQID N7: 5'-gcg 
gcc.gcaccatcaccgtctctg.cg-3") and CEA8 (SEQ ID N8: 
5'-ccc.gcticgagggcaccc.gcagacagacc-3'). The resulting plasmid 
was then transformed into the E. coli strain BL21XDE3 
(Novagen). The His-Tag-CEAA3B3 protein was expressed 
upon induction with 0.5 mmol isopropyl-h-D-thiogalactopy 
ranoside (Euromedex) and purified on Ni-NTA agarose 
(Qiagen). Isopropanol washes were used in order to remove 
lipopolysaccharide contamination. 
0168 1.1.7 Intracellular Cytokine Staining 
0169 Splenocytes were stimulated in vitro for 36 hours in 
the presence (or absence) of the complete CEAA3B3 pepscan 
pool. Brefeldin-A was added after the first hour of incubation. 
Cells were permeabilized using FACSPerm2 (BD Bio 
Sciences) and stained with monoclonal antibodies anti-CD4 
APC, anti-CD8-PerCP and anti-IFN-y-FITC. The cells were 
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analysed using a FACScalibur R flow cytometer (BD Bio 
Sciences) and the percentage of cytokine secreting cells was 
determined after first gating on CD4+ or CD8+ cells. 
(0170 1.2 Results 
(0171 1.2.1 SDS PAGE Analysis of Purified Recombinant 
Proteins. 
0172 To study the ability of the CyaA vector to induce 
CEA-specific T cell responses, three different recombinant 
molecules containing A3 and B3 domains of the CEA mol 
ecule have been constructed. This region of CEA has been 
shown to contain many human CTL and helper epitopes (32) 
as well as the two H-2b restricted epitopes described to date 
(33, 34). To allow in vitro and in vivo assays, the constructs 
were produced in E. coli and purified to homogeneity (FIG. 
1). A lipopolysaccharide elimination procedure was intro 
duced in the purification protocol (21) to obtain recombinant 
proteins containing <300 units of endotoxin per mg (data not 
shown). 
(0173 1.2.2 Moderate Amplification of the Cellular 
Immune Response Induced by Prime-Boost Immunization 
with Recombinant CEA Proteins. 
0.174 Previous studies have shown that recombinant 
CyaA carrying antigens of interest are able to induce cellular 
T cell responses of the Th1 type upon different route of 
injection (21, 35). The inventors investigated whether com 
bining different routes of injection through a prime boost 
approach could increase the magnitude of the cellular 
immune response. As shown in FIG. 2, the frequencies of 
CEA-specific CD4+ and CD8+ splenocytes secreting IFN-y 
were already fairly high after one single intra-venous (iv) 
administration of 50 lug of CEA recombinant proteins. Of 
note, CyaAA-CEAA3B3 lacking the interaction domain with 
CD11b substantially lost its vector abilities. In contrast, the 
CEAA3B3 protein formulated with the adjuvant (CpG) was 
able to mount a cellular immune response of the Th1 type. 
CEA-specific IL-5 CD4+ T cells were detected in significant 
amount only among splenocytes from CyaAA-CEAA3B3 
immunized mice (data not shown). 
0.175. The immunization experiments described above 
were repeated but with altered administration method: A 
prime vaccination was made iv, followed respectively 7 and 
14 days later by an id injection of 10 ug of material in the ear 
dermis (prime-double boost vaccination). The first boost 
resulted in a moderate increase of the frequency of CEA 
specific T cells in mice vaccinated with CyaA-CEAA3B3 or 
CEAA3B3+ CpG. The second boost did not have any signifi 
cant effect on this frequency parameter (FIG. 2). 
0176 Bearing in mind that a key objective of cell-based 
tumor immunotherapy is to mount a strong and specific T cell 
response against defined antigens, in a situation whereby the 
patient is often immuno-Suppressed due to other treatments 
(chemo- and radio-therapy), it appeared important to evaluate 
vaccination conditions under lymphodepletory circum 
stances. The inventors have therefore included immunosup 
pressive drugs with moderate and or adjustable T cell deplet 
ing properties in the experimental design. 
(0177 1.2.3 Lymphocyte Depletion in Peripheral Blood 
Induced by Immunosuppressive Treatment. 
0.178 Rabbit ATG are polyclonal IgGs that have been used 
in Solid organ transplantation for quite a long time now. 
Studies performed in monkeys revealed that dose-dependent 
lymphocyte depletion is achievable with rabbit ATG (28). 
Fludarabine is a fluorinated analog of adenine that is com 
monly used to treat chronic lymphocytic leukemia (39). Flu 
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darabine causes lymphopenia, depleting T lymphocytes more 
markedly than B lymphocytes (40). 
0179 The evolution of blood lymphocytes sub-popula 
tions upon immunosuppressive treatment by rabbit ATG or 
fludarabine has been analysed. Previous studies allowed the 
inventors to achieve a mild lymphodepletion in C57BL/6 
mice with a single ip injection of 20 mg/kg body weight (data 
not shown). In these conditions, they observed a two-fold 
decrease of the number of circulating lymphocytes 2 hours 
after ATG injection (FIG. 3). These values slowly returned 
close to normal levels upon a period of eight days. A quasi 
complete disappearance of CD4+ and CD8+ T lymphocytes 
was observed 2 hours after ATG injection, that was paralleled 
by a relative increase in the percentage of B lymphocytes. 
Reconstitution of the T lymphocyte compartment started 
thereafter, and close to normal values were recovered within 
15 days. From the literature (41, 42) a fludarabine-based 
regimen of 200 mg/kg/day ip for 6 days appeared necessary to 
induce also a mild lymphodepletion in mice. In these condi 
tions, depletion of the peripheral blood T lymphocyte com 
partment appeared less markedly pronounced than with ATG 
with returning to normal level after then end of chemothera 
peutic treatment. 
0180 1.2.4 Lymphocyte Depletion in Lymphoid Organs 
Induced by Immunosuppressive Treatment. 
0181. The blood compartment represents only 1 to 2% on 
the total body lymphoid mass. Lymphocyte depletion by phe 
notyping for T and B cells, spleen and lymph nodes 10 days 
after onset of immunosuppression has been monitored. Simi 
larly to the situation in the blood compartment, ATG- and 
fludarabine-based immunosuppressive therapies induced a 
depletion of the T lymphocyte pool in lymphoid organs (Table 
1). 
0182 Table 1 shows peripheral lymphoid organ depletion 
induced by a single ATG injection. Peripheral lymphoid 
organs were sampled 10 days after onset of immunosuppres 
sive treatment administration. Values presented are the per 
centages of CD4, CD8 and B220 cells observed in the spleen 
and lymph nodes. 

TABLE 1. 

Spleen Lymph nodes 

CD4+ PBS 25.6 48.1 
NRS 26.7 47.6 
ATG 14.6 28.5 

Fludarabine 21.9 37.8 
CD8+ PBS 10.9 26.3 

NRS 11.3 27.4 
ATG 3.9 13.9 

Fludarabine 5.3 20.8 
B220- PBS 49.2 19.9 

NRS 48.6 19.4 
ATG 59.6 47.8 

Fludarabine S4.3 32.4 

0183 The effect was more pronounced with ATG than 
fludarabine. It was paralleled by a relative increase of the B 
lymphocyte pool. 
0184 In Summary, under the immunosuppressive condi 
tions used in their study, a marked but moderate and transient 
decrease of the T lymphocytes compartment has been 
observed. 
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0185 12.5 Increased Magnitude of CEA-Specific Th1 
Response as a Result of Immunosuppression and Prime 
Boost Immunization. 
0186. It has been next sought to determine whether lym 
phodepletion performed in the conditions described above 
could allow to increase the magnitude of CEA-specific T cell 
response in their immunization model. Ten days prior to 
prime-boost immunization (50 giv and 10 ugid seven days 
later), animals were treated with ATG or fludarabine as 
described above. As compared to controls, the magnitude of 
CEA-specific cellular immune response was markedly 
enhanced in ATG and fludarabine treated animals immunized 
with CyaA-CEAA3B3. Indeed, FIG. 4 shows that the fre 
quency of CEA-specific CD4+ and CD8+ T cells secreting 
IFN-Y was doubled in animals that received prior lymphoab 
lative treatment. Such an effect was not observed in animals 
immunized with CyaAA-CEAA3B3, thus highlighting the 
importance of CD11b targeting for CyaA-based therapy. Of 
note, prior lymphodepletion resulted in a marked increased 
frequency of CEA-specific CD4+ T cells secreting IFN-y 
upon CEAA3B3+ CpG immunization, but this effect was not 
seen for CEA-specific CD8+ T cells. 
0187 1.2.6 Increased Survival Median Following CyaA 
CEAA3B3 Prime Boost Immunization as a Result or Prior 
Lymphoablation. 
0188 Next, the relevance of this observation has been 
tested in a tumor rejection model. The inventors established 
B16 cell lines stably expressing CEA protein. Upon injection 
of 2x10 tumor cells, all mock- and CyaAA-CEAA3B3 
treated animals developed tumors and became moribund, 
necessitating euthanasia (FIG. 5). In these conditions, the 
survival medians of the animals were 15 and 17 days respec 
tively. In contrast, animals immunized 3 days after tumor 
injection, with CyaA-CEAA3B3 and CEAA3B3+ CpG, had 
enhanced survival medians (35 and 33 days, respectively). A 
small proportion of these animals were tumor free 50 days 
after B16FOCEA-GFP cells injection (FIG. 5A). Upon lym 
phodepletion with ATG or fludarabine, the survival median of 
CyaA-CEAA3B3-treated mice was further enhanced to 45 
and 41 days, respectively, whereas that of CEAA3B3+ CpG 
immunized animals remained unchanged. The proportion of 
animals remaining tumor free was not modified. As shown in 
FIG. 5B, animals in which tumors had been allowed to grow 
5 days prior to therapeutic immunization with CyaA 
CEAA3B3, showed a drastic enhanced survival upon lym 
phodepletion as compared to controls. Indeed, in this setting, 
the survival medians of CyaA-CEAA3B3- and CEAA3B3+ 
CpG treated mice were decreased to 27 and 23 days, respec 
tively, with no animals remaining tumor free at day 50. Lym 
phodepletion had no effect on the survival medians of 
CEAA3B3+ CpG-immunized mice. In contrast, the survival 
of ATG of fludarabine treated animals was drastically 
enhanced by CyaA-CEAA3B3 immunisation so that 50 days 
tumor-free survival increased to 80% and 60% respectively. 
(0189 1.3 Discussion 
0190. Many issues hamper the translation of pre-clinical 
results to the clinic in the field of cell-based adoptive tumor 
immunotherapy. One of them is the magnitude of the induced 
adoptive response to the tumor associated antigen of interest. 
Indeed, in humans the growth and efficacy of antigen specific 
T cells are limited by multiple factors in the context of tumor 
development. These include, lack of induction of T cell clones 
with high affinity to the TAA, negative signals from regula 
tory cells, tumor Stroma and homeostatic T cell regulation. In 
murine models of adoptive T cell transfer therapies, lym 
phodepletion has been shown to increase engraftment and 
persistence of transferred cells (43-46). Such strategies have 
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been quite Successfully translated to the clinic most recently 
(36-38). Using a powerful tool for inducing specific CD8+ 
and CD4+ T cell responses, the adenylate cyclase from B. 
pertussis, it has been sought to determine the impact of lym 
phodepletion on active immunization aimed at inducing spe 
cific T cell responses. It has been chose to target the Carcino 
Embryonnic Antigen because of its overexpression in 
numerous types of cancer. 
0191 The lack of immunogenicity of CyaAA-CEAA3B3 
highlighted the importance of CD11b targeting in the ability 
of CyaA to induce specific T cells responses. As demon 
strated in a previous study (21), CyaA-CEAA3B3 turned out 
to be as efficient as CEAA3B3+ CpG in terms of immunoge 
nicity (FIG. 2) and tumor immunotherapy (FIG. 5). 
0.192 The efficiency of CyaA as a vector tool has been 
shown to be unaffected by prior immunity (20, 21), thus 
allowing homologous prime-boost strategies. By using two 
different routes of injection, the inventors were able to 
increase the scale of CEA-specific immune response albeit to 
moderate levels. It has not been posible to further amplify the 
cellular immune response by a secondid boost. The inventors 
then hypothesized that a transient mild lymphodepletion 
would create the necessary space to allow specific T cell 
clones to further amplify. They focused on products exten 
sively used in humans that have been shown to preferentially 
deplete T lymphocytes. Patterns of lymphodepletion obtained 
upon ATG treatment were coherent with those observed in a 
non human primate model (28). The overall level of lym 
phodepletion obtained with fludarabine was inferior to that of 
ATG but it is known that fludarabine works better in associa 
tion with cyclophosphamide (42). 
0193 With prior lymphodepletion, it has been possible to 
almost double the frequency of CEA-specific T lymphocytes. 
Whether this due to the disruption of homeostatic T cell 
regulation or the destruction of regulatory T cells remains to 
be investigated. It cannot be exclude that lymphodepletion 
induces higher levels of cytokines to be available for remain 
ing activated lymphocytes so as to facilitate their develop 
ment and amplification. 
0194 Lymphodepletion did not increase the frequency of 
CEA-specific CD8+ T cells upon CEAA3B3+ CpG immuni 
zation in contrast to CyaA-CEAA3B3 immunization. This 
highlights the importance of APC targeting in the phenom 
enon described here. CyaA vector targets DC through its 
property to translocate its catalytic domain into the cytosol of 
CD11b+ antigen presenting cells (17, 18). Of interest, a simi 
lar result of increased frequency of CEA-specific CD8+ lym 
phocytes following lymphodepletion with another system, 
the hsp65 protein of M. bovis fused to CEAA3B3 (data not 
shown) has been observed. Nevertheless, it cannot be 
excluded that their conditions of experiment, inflammatory 
conditions induced by CpG inhibit the formation of a suffi 
cient pool of memory T cells for boosting as it has been shown 
in another model (47). 
(0195 The level of CEA-specific T lymphocytes was 
linked to the ability of animals to survive to tumor challenge 
mediated by B16FOCEA-GFP cells suggesting a correlation 
between the number of CEA-specific lymphocytes and the 
ability for the mice to control and/or reject CEA expressing 
tumor cells. The effect of prior lymphodepletion on the effi 
ciency of CyaA-CEAA3B3 prime boost immunization was 
more pronounced in the D+5than the D+3 therapeutic setting. 
This observation may reflect the necessity of a precisely 
controlled timing between lymphodepletion and lympho 
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stimulation to obtain a maximal effect as lymphoablative 
drugs may have effects lasting after their disappearance from 
the organism. In this respect, ATG counterpart for human use 
has been shown to down-modulate lymphocyte surface recep 
tors, which renders them poorly responsive to antigen-in 
duced proliferation (28). It can not be excluded this phenom 
enon to be involved in the apparent lack of effect in the D+3 
therapeutic setting as the delay between lymphodepletion and 
immunization was only 8 days in this case. 
0196. This study demonstrates that CyaA-based active 
cell-based immunotherapy is compatible with lymphodeple 
tion mediated by ATG or fludarabine. In such a context, 
prime-boost immunization by two different mutes of injec 
tion (iv., id) markedly increased the frequency of CEA-spe 
cific Thelper and most importantly, CEA-specific cytotoxic T 
lymphocytes. This increased frequency of CEA-specific 
cytotoxic T lymphocytes correlated with a better ability to 
control and/or reject CEA expressing tumor cells. From the 
results presented, it is preferable to use a vector that targets 
antigen presenting cells such as CyaA or hsp65 to obtain Such 
a result. Indeed, CyaAA which is devoid of CD11b binding 
has lost its ability to induce CEA-specific T cells. Further 
more, CEA-specific CD8+ T cells response induced by 
CEAA3B3 formulated with CpG adjuvant, was not further 
amplified in the lymphodepletion conditions used here. 

2. Example 2 

0.197 2.1 Materials and Methods 
(0198 2.1.1 Mice, Cell Lines 
0199 Specific pathogen-free 6- to 10-week-old female 
C57BL/6 mice were obtained from CERJanvier (Le Gesnet 
St-Isle, France). Experiments involving animals were con 
ducted according to the institutional guidelines for animal 
care. Immunosuppressive treatments were administred ip, 
tumor cells, Scandimmunization, iv (retro-orbitally) and id in 
the ear dermis. Blood sampling was performed by tail bleed 
ing. Splenectomies and lymph node sampling were per 
formed on sacrificed animals (CO). Maxillary lymph nodes 
were sampled and pooled for phenotyping analysis. 
(0200 MC32aCEA cells expressing CEA protein were 
obtained from Pr. W. Zimermann (LTI, Munich). These cells 
are derived from the MC38 murine colon adenocarcinoma 
(48). Cells were maintained in RPMI 1640 with GlutaMAX 
supplemented with 10% heat inactivated FCS, 100 units/mL 
penicillin, 100 ug/mL streptomycin, and 5x10 mol/L 
2-mercaptoethanol in presence of 0.3 mg/ml G418 (Life 
Technologies). 
0201 2.1.2 Cell Numeration and Phenotyping. 
0202 Blood, lymph node cells and splenocytes were pro 
cessed according to previously described methods (28, 29) 
for numeration and flow cytometry assisted phenotyping. 
Blood lymphocytes were counted using Trypan blue. 
(0203 2.1.3 Preparation of Anti Mouse Thymocyte Globu 
lins in Rabbit. 
0204 Mouse ATG were prepared by injecting a rabbit sc 
with 5x10 thymocytes sampled on 6-weeks old C57BL/6 
mice. This immunization was boosted 14 days later with an iv 
injection of identical material. Seven days later the animal 
was bled and serum IgG were purified on immobilized protein 
G column (Pierce). Purity was controlled by SDS PAGE 
analysis and quantity was estimated by the Bradford method 
with known concentration rabbit IgG as standards. Rabbit 
ATG was used at a concentration of 20 mg/kg with a single 
injection. As a control, normal rabbit serum was used. 
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0205 2.1.4 Reagents, Peptides and Oligonucleotides. 
0206 Fludarabine (Sigma) was used at a concentration of 
100 mg/kg/day for 6 days. Monoclonal antibodies: anti-CD4 
APC, anti-CD8-PerCP, anti-B220-FITC and anti-CD49d 
(Pan NK)-PE were obtained from BD Biosciences. 
0207. A pepscan of 15-mers overlapping by 11 amino 
acids and covering the A3 and B3 domain of the CEA protein 
was designed and obtained from Mimotope TM (Australia). It 
was diluted in DMSO and used at a final concentration of 1 
ug/ml CpG ODN 1826 was purchased from Sigma. Said CpG 
is of sequence SEQID N16, wherein the bases are phospho 
rothioate (nuclease resistant). 
0208 2.1.5 Molecular Cloning of Recombinant B. pertus 

sis CyaA Carrying CEA A3 and B3 Domains. Production and 
Purification of Recombinant Cya.A. 
0209 Recombinant adenylate cyclase used in this article 
were expressed in Escherichia coil by using derivatives of 
plasmid pkTRAC-HPV 16E7A, which codes for an enzy 
matically inactive CyaA (21). 
0210 CyaA-CEA was constructed in two steps. A first 
DNA fragment encoding amino acid residues 492-557 of 
CEA was PCR-amplified using a synthetic CEA gene (Se 
quentia) and primers CEA1 (SEQIDN1: 5'-accatcaccgtctct 
gcg-3') and CEA2 (SEQIDN2: 5'-gggcactagtggtcagggtacg 
gttgcc-3'). A second DNA fragment encoding amino acids 
residues 629-687 of CEA was PCR-amplified using CEA 
synthetic gene and primers CEA3 (SEQ ID N3: 5'-gggcac 
cggtaatggtatccc.gcagcaacac-3') and CEA4 (SEQ ID N4:5'- 
cgcagagacggtgatggtgttaacggcaccc.gcagacagacc-3"). These 
two DNA fragments (which partly overlap) were purified and 
combined with primers CEA2 and CEA3 in a third PCR to 
amplify a 395-bp-long DNA fragment. This fragment was 
digested by Nhe and KpnI and inserted between the corre 
sponding sites of pkTRAC-HPV 16E7 to yield plasmid 
pkTRAC-CEA. Then, a DNA fragment encoding the amino 
acid residues 545 to 647 of CEA was PCR-amplified using the 
synthetic CEA gene and primers CEA5 (SEQ ID N5: 
5'-ggg.cgctagccgtctgcagctgtccaatg-3") and CEA6 (SEQ ID 
N6: 5'-cccgggtacccgg.cgtgattittgg.cgata-3'). The purified PCR 
fragment was digested by AgeI and Spel, and ligated into 
plasmid pkTRAC-CEA digested by the same restriction 
enzymes. 
0211 CyaAA-CEA was constructed in two steps. 
First, a DNA fragment corresponding to CyaA amino acid 
sequence 1149 to 1356 (SEQID N13: 5'-caacgagctctggggc 
CacgatggcaacgacacgatacgcggC 
CggggcggcgacgacatCctg.cgcggCggCCtggg CCtggacacgctgtatg 
gCgaggacggcaacgaCatCttCctgCaggacgacgagaCCgtCagcgatga 
catcgacggcg gcgcggggctggacaccgtcgactactic 
CgCCatgatcCatcCaggCaggatCgttgcgcc.gcatgaatacggCttCggga 
togaggCCatgctgtatggCgacgcc.g- 
gcaacgacaccCtctacggggggctgggcgacgatacCCttgaaggcggcgc 
gggcaacgattggttcggccagacgcag 
gcgc.gcgagcatgacgtgctg.cgcggcggagatggggggataccgtcgatt 
acagccagaccggcgcgcatgccggcattgcc.gc-3") lacking nucleic 
acids corresponding to sequence 1230 to 1300 was synthe 
tized (Genecust, France). Second, this fragment was digested 
by SacI and SphI and ligated into plasmidpkTRAC-CEA, 
digested by the same restriction enzymes. The resulting plas 
mid pKTRACA-CEA, encoded a CyaA devoid of bind 
ing to the CD11b molecule (31). 
0212 All constructions were verified by DNA sequencing 
(Genome Express). Recombinant Cya.As were produced in 
the E. coli strain BLR (Novagen) as previously described 
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(21). The recombinant proteins were purified to homogeneity 
from inclusion bodies by a two-step procedure that includes 
DEAE-Sepharose and phenyl-Sepharose chromatography. 
An additional washing step with 60% isopropanol was done 
(21) in order to eliminate most of the contaminating 
lipopolysaccharides. Purified recombinant proteins were ana 
lyzed by Coomassie blue-stained SDS-PAGE. Protein con 
centrations were determined spectrophotometrically from the 
absorption at 280 nm using a molecular extinction coefficient 
of 142,000 mol/L 1 cm1. 
0213 2.1.6 Molecular Cloning of Recombinant CEA. 
Production and Purification of Recombinant CEA Protein. 
0214. The E. coli-optimized cDNA coding for CEA pro 
tein was subcloned into plvex 2.4b Nde vector (Roche) 
between the NcoI and XhoI restrictions sites after PCR ampli 
fication with primers CEA7 (SEQID N14: 5'-aatctegaggat 
cagcgcaacaccaacca-3") and CEA8 (SEQ ID N15: 5'-atatc 
catggagtctecgtctgcc-3'). The resulting plasmid was then 
transformed into the E. coli strain BL21 DE3 (Novagen). 
The His-Tag-CEA protein was expressed upon induction with 
1 mmol isopropyl-h-D-thiogalactopyranoside (Euromedex) 
and purified on Ni-NTA agarose (Qiagen). Endotrap resin 
(Profos, Germany) was used in order to remove lipopolysac 
charide contamination. 
0215 2.1.7 y-IFN ELISpot Assay 
0216) Multiscreen filtration plates (96 wells; Millipore, 
France) were coated with 4 ug/ml of rat anti-mouse gamma 
interferon (IFN-Y) antibody (clone R4-6A2: PharMingen, 
San Diego, Calif.), overnight at room temperature. Spleen 
cells from immunized mice were added to the wells and 
incubated for 20 h with or without CEA pepscan at 1 lug/ml. 
After extensive washes, the plates were revealed by incuba 
tion with 5 lug/ml of biotinylated rat anti-mouse IFN-Y anti 
body (clone XMG 1.2: PharMingen) followed by incubation 
with streptavidin-alkaline phosphatase (PharMingen). 
Finally, spots were revealed using BCIP/NBT as substrate. 
The number of Y-IFN producing cells was determined by 
counting the number of spot-forming colonies (SFC) in each 
well (C.T.L., Germany), and the results were expressed as 
number of SFC per 1x10° splenocytes (20). 
0217 2.2 Results 
0218 2.2.1 SDS PAGE Analysis of Purified Recombinant 
Proteins. 
0219. To study the ability of the CyaA vector to induce 
CEA-specific T cell responses, the Inventors constructed two 
different recombinant molecules containing Sub-fragments of 
the CEA molecule: the A3 and B3 domains. This region of 
CEA has been shown to contain many human CTL and helper 
epitopes (32). As a control, they used a histidine-tagged full 
length CEA protein encompassing all the possible epitopes. 
To allow in vitro and in Vivo assays, the constructs were 
produced in E. coli and purified to homogeneity (FIG. 6). A 
lipopolysaccharide elimination procedure was introduced in 
the purification protocol (21) to obtain recombinant proteins 
containing <300 units of endotoxin per mg (data not shown). 
0220 2.2.2 Moderate Amplification of the Cellular 
Immune Response Induced by Prime-Boost Immunization 
with Recombinant CEA Proteins. 

0221 Previous studies have shown that recombinant 
CyaA carrying antigens of interest are able to induce cellular 
T cell responses of the Th1 type upon different route of 
injection (21, 35). The Inventors investigated whether com 
bining different routes of injection through a prime boost 
approach could increase the magnitude of the cellular 
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immune response. As shown in FIG. 7, the frequency of 
CEA-specific CD8+ splenocytes secreting Y-IFN were 
already fair after one single iv administration of 50g of CEA 
recombinant proteins. In contrast, neither CyaAA-CEA, 
nor His-tag-CEA proteinformulated with an adjuvant such as 
CpG, were able to mount a cellular immune response char 
acterized by Y-IFN secretion. 
0222. The Inventors repeated these experiments with a 
different administration approach: A prime vaccination was 
made iv as above, followed respectively 7 and 14 days later by 
an id injection of 10 ug of material in the ear dermis (prime 
double boost vaccination). Adjuvant was included in the 
respective vaccination shots; the first boost resulted in an 
increase of the frequency of CEA specific T cells in mice 
vaccinated with CyaA-CEA+CpG. The second boost 
injection again did not have significant effect on this fre 
quency parameter (FIG. 7). 
0223 2.2.3 Lymphocyte Depletion in Peripheral Blood 
Induced by Immunosuppressive Treatment. 
0224 Fludarabine is a fluorinated analog of adenine that is 
commonly used to treat chronic lymphocytic leukemia (39). 
Fludarabine causes lymphopenia, depleting T lymphocytes 
more markedly than B lymphocytes (40). Rabbit ATG are 
polyclonal IgGs that have been used in Solid organ transplan 
tation for quite a long time now. Studies performed in mon 
keys revealed that dose-dependentlymphocyte depletion was 
achievable with this therapeutic (28). 
0225. The Inventors analyzed the evolution of blood lym 
phocytes Sub-populations upon immunosuppressive treat 
ment by Fludarabine or rabbit ATG. Fludarabine at 100 
mg/kg/day ip for 6 days (41, 42) appeared to have a depleting 
effect restricted to T cells. It was transient as values returned 
to control groups within 7 days after onset of treatment. 
Rabbit ATG at 20 mg/kg as a single ip injection induced an 
important decrease of the number of circulating CD4+ and 
CD8+ lymphocytes as soon as 2 hours after ATG injection 
(FIG. 8). This depleting effect was maximal between 2 and 4 
days post injection. Afterwards, CD4+ and CD8+ lympho 
cytes counts started to increase without reaching normal val 
ues. CD8+ T lymphocytes were 10 times more depleted than 
CD4+ T cells. NK cells were also depleted by ATG treatment 
in a proportion somewhat comparable to that of CD4+ cells. 
In contrast, the number of B cells was not affected by ATG 
treatment. 

0226 2.2.4 Lymphocyte Depletion in Lymphoid Organs 
Induced by Immunosuppressive Treatment. 
0227. The blood compartment represents only 1 to 2% on 
the total body lymphoid mass. The Inventors therefore moni 
tored lymphocyte depletion by phenotyping for Tand B cells, 
spleen and lymph nodes 14 days after onset of immunosup 
pression. Compared to controls (PBS and NRS) Fludarabine 
and ATG-based immunosuppressive therapies induced modi 
fications of lymphocyte proportion in lymphoid organs (Table 
2). 
0228 Table 2 shows peripheral lymphoid organ depletion 
induced by a single ATG injection. Peripheral lymphoid 
organs were sampled 14 days after onset of immunosuppres 
sive treatment administration. Values presented are the per 
centages of CD4, CD8, CD49d and B220 cells observed in the 
spleen and maxillary lymph nodes, and the absolute values of 
CD4, CD8, CD49d and B220 by reference to the number of 
lymphocytes contained in each organ. 
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Spleen Lymph nodes 

10 cells/ml % 10 cells/ml % 

CD4+ PBS 1.3 13.8 0.7 34.7 
NRS O.8 14.2 0.4 35.2 
ATG 0.7 12.3 O.1 25 

Fludarabine 3.8 20.4 O.3 31.3 
CD8+ PBS 1 10.4 O.6 31 

NRS O.S 10.1 O.3 32.6 
ATG O.2 3.9 O.O7 13.4 

Fludarabine 2.5 13.4 O.3 35.3 
CD49d- PBS O.S S.6 O.O6 3.2 

NRS O.3 S.6 O.O3 3.6 
ATG O.3 S.1 O.O2 2.7 

Fludarabine 1.4 7.5 O.O3 3.8 
B220- PBS 6.7 69.4 O.6 31.9 

NRS 3.7 68.4 O.3 30 
ATG 3.7 64 O.3 56.4 

Fludarabine 8 42.4 O.3 30.2 

0229. The percentage of T and NK cells was increased in 
spleen 6 days after the end of Fludarabine treatment. This was 
particularly obvious for CD4+ T cells and to a lesser extend 
for CD8+ and NK cells. In accordance, the percentage of 
B220+ cells was markedly decreased 6 days after the end of 
treatment. Upon ATG treatment, the percentages of T cells 
were decreased in spleen and lymph nodes resulting in a 
marked drop in CD4+ and CD8+ counts. CD8+ lymphocytes 
were more affected than CD4+ T cells. Of note, the total 
number of lymphocytes recovered in spleens from Fludara 
bine treated animals was markedly higher than that from 
controls. Also the percentage of null cells in spleens from 
ATG- and Fludarabine treated animals exceeded 15%. None 
of these were observed at the level of lymph nodes. 
0230 2.2.5 Increased Magnitude of CEA-Specific Th1 
Response as a Result of Immunosuppression and Prime 
Boost Immunization. 
0231. The Inventors next determined the impact of lym 
phodepletion performed in the conditions described above on 
the magnitude of CEA-specific T cell response in their immu 
nization model. Seven days prior to prime-boost immuniza 
tion, animals were treated with Fludarabine or ATG as 
described above. As compared to PBS control, the magnitude 
of CEA-specific cellular immune response was decreased in 
Fludarabine treated animals immunized with CyaA 
CEA in presence of CpG adjuvant. Surprisingly, in the 
group of ATG treated animals, the magnitude of CEA-specific 
cellular immune response was doubled as compared to con 
trols. CEA-specific cellular immune responses were also 
detected upon immunization with a non-relevant recombi 
nant CyaA bearing the HPV 16E7 antigen. Lower CEA-spe 
cific cellular immune responses were detected upon CpG 
formulated His-tag CEA and CyaAA-CEA 
immunization thus highlighting the importance of CD1 lb 
targeting for the described effect to be maximal. 
0232 2.2.6 Increased Survival Median Following CyaA 
CEA Prime Boost Immunization as a Result or Prior 
Lymphoablation. 
0233. The Inventors next tested the relevance of this obser 
vation in a tumor rejection model. They used MC38 murine 
colon adenocarcinoma cells stably expressing CEA protein 
(48). Upon injection of 5x10 tumor cells, mock-, CyaAA 
CEA and His-Tag-CEA-treated animals developed 
tumors and became moribund, necessitating euthanasia (FIG. 
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10). In these conditions, the survival medians of the animals 
were 13-15 days respectively. In contrast, animals immunized 
10 days after tumor injection, with CyaA-CEA+CpG. 
had enhanced Survival medians (27 days). Upon treatment 
with ATG, the survival median of mock-treated animals was 
enhanced to 19-21 days. In this group, 80% of CyaA 
CEA+CpG treated animals had complete tumor regres 
sion and were still alive at day 60. Animals treated with 
Fludarabine had a completely different pattern of tumor 
growth. MCa32A growth was partially inhibited by Fludara 
bine treatment lasting 6 days. As a consequence, the Survival 
median of mock-treated animals was enhanced to 21-25 days. 
Sixty percent of CyaA-CEA+CpG treated animals had 
complete tumor regression and were still alive at day 60. 
0234 2.3 Discussion 
0235. Many issues hamper the translation of pre-clinical 
results to the clinic in the field of cell-based adoptive tumor 
immunotherapy. One of them is the magnitude of the induced 
adoptive response to the tumor-associated antigen (TAA) of 
interest. Indeed, in humans the growth and efficacy of antigen 
specific T cells are limited by multiple factors in the context 
of tumor development. These include, lack of induction of T 
cell clones with high affinity to the TAA, negative signals 
from regulatory cells, tumor Stroma and homeostatic T cell 
regulation. In murine models of adoptive T cell transfer thera 
pies, lymphodepletion has been shown to increase engraft 
ment and persistence of transferred cells (43-46). Such strat 
egies have been quite Successfully translated to the clinic 
most recently (36-38). Using a powerful tool for inducing 
specific CD8+ and CD4+ T cell responses, the adenylate 
cyclase from B. pertussis, the Inventors analyzed the impact 
of lymphodepletion on active immunization aimed at induc 
ing specific T cell responses. They chose to target the Car 
cino-Embryonic Antigen because of its overexpression in 
numerous types of cancer. 
0236. The efficiency of CyaA as a vector tool has been 
shown to be unaffected by prior immunity (20, 21), thus 
allowing homologous prime-boost strategies. By using two 
different routes of injection, the Inventors were able to 
increase the importance of CEA-specific immune response. 
They were not able to further amplify the cellular immune 
response by a secondid boost. They then analyzed the impact 
of lymphodepletion in the context of active immunisation 
mediated by CyaA and CpG adjuvant. The Inventors focused 
on products extensively used in humans that have been shown 
to preferentially deplete T lymphocytes. The overall level of 
lymphodepletion obtained with Fludarabine was inferior to 
that of ATG. 

0237 Prior Fludarabine-induced immunosuppression had 
a negative impact on the frequency of CEA-specific T lym 
phocytes upon prime boost vaccination with CyaA 
CEA+CpGadjuvant. Surprinsingly, prior ATG-mediated 
lymphodepletion resulted in doubling the frequency of CEA 
specific T lymphocytes upon prime boost vaccination with 
CyaA-CEA+CpG adjuvant. Whether this is due to the 
disruption of homeostatic T cell regulation or the destruction 
of regulatory T cells remains to be investigated. The 
0238 Inventors cannot exclude that lymphodepletion 
induces higher levels of cytokines to be available for remain 
ing activated lymphocytes so as to facilitate their develop 
ment and amplification. The described effect is quite remark 
able and unexpected taking into account the level of 
lymphodepletion at the time of immunization as it is 
described in FIG. 8 and table 2. At the time of prime immu 
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nization, there were 20-13 times more circulating lympho 
cytes in the control groups than in the ATG group. At the time 
of boost immunization, there were 6 times more circulating 
lymphocytes in the control groups than in the ATG group. 
Lymphodepletion measured in lymphoid organs was about 
the same order of magnitude. 
0239 Lymphodepletion increased the frequency of CEA 
specific CD8+ T cells to a less important level upon His-tag 
CEA--CpG and CyaAA-CEA+CpG immunization. This 
highlights the importance of APC targeting in the phenom 
enon described here. Cya A vector targets DC through its 
property to translocate its catalytic domain into the cytosol of 
CD11b+antigen presenting cells (17, 18). Of interest, the 
Inventors observed a similar result of increased frequency of 
CEA- specific CD8+lymphocytes following lymphodeple 
tion with another system vectorization, the hsp65 protein of 
M. bovis fused to CEA (data not shown). At the exception 
of Fludarabine-treated animals, the frequency of CEA-spe 
cific CD8+ T cells was linked to the ability of animals to 
survive to tumor challenge mediated by MCa32A cells indi 
cating a correlation between the number of CEA-specific 
lymphocytes and the ability for the mice to control and/or 
reject CEA expressing tumor cells. Fludarabine is an antime 
tabolite and has delayed MCa32A tumor growth while it was 
given to the animals. Indeed, at the time of CyaA-based 
immunotherapy the size of tumors in Fludarabine group was 
20 times smaller than in the other groups. It is probably why 
CyaA-CEA+CpG adjuvant immunotherapy was so effi 
cient as compared to control group. 
0240. This study demonstrates that CyaA-based immuno 
therapy is compatible with lymphodepletion mediated by 
ATG. In Such a context, prime-boost immunization by two 
different routes of injection (iv., id) markedly increased the 
frequency of CEA-specific CD8+ T cells. This increased fre 
quency of CEA-specific cytotoxic T lymphocytes correlated 
with a better ability to control and/or reject CEA expressing 
tumor cells. From the results presented, it is mandatory to use 
a vector that targets antigen presenting cells Such as CyaA or 
hsp65 to obtain such a result. Indeed, CyaAA which is devoid 
of CD11b binding has totally lost its ability to induce CEA 
specific T cells. CyaA-based immunotherapy is also compat 
ible with lymphodepletion mediated by Fludarabine resulting 
in increased Survival to tumor challenge. 
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- Continued 

accatcaccg totctg.cg 18 

<210s, SEQ ID NO 2 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer CEA2 

<4 OOs, SEQUENCE: 2 

gggcactagt ggt cagggta C9gttgcc 28 

<210s, SEQ ID NO 3 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer CEA3 

<4 OOs, SEQUENCE: 3 

gggcaccggit aatggt at CC cqcagcaa.ca C 31 

<210s, SEQ ID NO 4 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer CEA4 

<4 OOs, SEQUENCE: 4 

cgcagagacg gtgatggtgt taacggcacc cqcagacaga cc 42 

<210s, SEQ ID NO 5 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer CEA5 

<4 OOs, SEQUENCE: 5 

gggcgctago C9tctgcagc tigt ccaatg 29 

<210s, SEQ ID NO 6 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 
223s OTHER INFORMATION: Primer CEA6 

<4 OOs, SEQUENCE: 6 

cc.cggg tacc C9gcgtgatt ttggcgata 29 

<210s, SEQ ID NO 7 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer CEA7 for production and purification of 
recombinant CEAA3B3 protein 

<4 OO > SEQUENCE: 7 

gcggcc.gcac cat caccgtc. tctg.cg 26 
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- Continued 

<210s, SEQ ID NO 8 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer CEA8 for production and purification of 
recombinant CEAA3B3 protein 

<4 OOs, SEQUENCE: 8 

cc.cgct cag ggcaccc.gca gacagacic 28 

<210s, SEQ ID NO 9 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer CyaA delta 1 

<4 OOs, SEQUENCE: 9 

gggcgagctic tdgggcCacg at 22 

<210s, SEQ ID NO 10 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer CyaA delta 2 

< 4 OO > SEQUENCE: 10 

actagtgc ct catc.ccgaa gCCg 24 

<210s, SEQ ID NO 11 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer CyaA delta 3 

<4 OOs, SEQUENCE: 11 

actagt catg Ctgtatggcg acgc 24 

<210s, SEQ ID NO 12 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Primer CyaA delta 4 

<4 OOs, SEQUENCE: 12 

cc.cggcatgc gcgc.cggit ct gg 22 

<210s, SEQ ID NO 13 
&211s LENGTH: 432 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: DNA fragment corresponding to CyaA amino acid 
sequence 1149 to 1356 

<4 OOs, SEQUENCE: 13 

Caacgagctic tigggccacg atggcaacga cacgatacgc ggc.cgggggg gcgacgacat 6 O 

Cctg.cgcggc ggcctgggcc tigacacgct g tatggc gag gacggcaacg a catctt Cot 12 O 

gCaggacgac gagaccgt.ca gcgatgacat cacggcggc gcggggctgg acaccgt.cga 18O 
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- Continued 

Ctact.ccgcc atgatc catc Caggcaggat cqttgcgc.cg catgaatacg gct tcgggat 24 O 

cgaggc catg Ctgtatggcg acgc.cggcaa cacaccctic tacggggggc tigggcgacga 3OO 

taccCttgaa ggcggcgcgg gcaacgattg gttcggc.cag acgcaggcgc gcgagcatga 360 

cgtgctg.cgc ggcggagatggggtggatac C9tcgattac agc.ca.gaccg gcgc.gcatgc 42O 

cggcattgcc gc 

<210s, SEQ ID NO 14 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

432 

<223> OTHER INFORMATION: Primer CEA7 for production and purification of 
recombinant CEA protein 

<4 OOs, SEQUENCE: 14 

aatcto gagg at cago.gcaa caccalacca 

<210s, SEQ ID NO 15 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

29 

<223> OTHER INFORMATION: Primer CEA8 for production and purification of 
recombinant CEA protein 

<4 OOs, SEQUENCE: 15 

atat coatgg agt citcc.gtc. togcc 

<210s, SEQ ID NO 16 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: ODN1826 sequence 

<4 OOs, SEQUENCE: 16 

tccatgacgt toctdacgtt 

1. A pharmaceutical composition for eliciting a specific 
cytotoxic T lymphocyte (CTL) response against at least one T 
cell epitope in a mammal, which comprises: 

a first compound provoking lymphocytopenia; 
a second compound having selective affinity for profes 

sional antigen presenting cells (APC), wherein said sec 
ond compound is associated to said T cell epitope; and 

optionally, a pharmaceutical acceptable carrier. 
2. The pharmaceutical composition according to claim 1, 

wherein the first compound is capable of provoking transient 
T cell depletion. 

3. The pharmaceutical composition according to claim 1, 
wherein the first compound is selected from the group con 
sisting of polyclonal anti-lymphocyte and anti-thymocyte 
immunoglobulins (ATG), purine, pyrimidine analogs, alky 
lating agents, monoclonal and polyclonal antibodies capable 
of the peripheral and/or central depletion of T. B and NK 
lymphocytes. 

4. The pharmaceutical composition according to claim 3, 
wherein the antibodies capable of depleting lymphocytes are 

24 

selected from the group consisting of anti-CD8, anti-CD4. 
anti-CD25, anti-CD3 and anti-CD52 monoclonal antibodies. 

5. The pharmaceutical composition according to claim 1, 
wherein said second compound is selected from the group 
consisting of adenylate cyclases (CyaA), heat shock proteins 
(HSP), shigatoxin and LAG-3. 

6. The pharmaceutical composition according to claim 5. 
wherein the adenylate cyclase is from Bordetella pertussis, 
the HSP is selected from the group consisting of hsp65 and 
hsp70, and said shigatoxin is from Shigella dysenteriae. 

7. The pharmaceutical composition according to claim 1, 
further comprising an adjuvant. 

8. The pharmaceutical composition according to claim 7. 
wherein the adjuvant is a toll-like receptor (TLR) ligand 
selected from the group consisting of TLR ligands of class 3 
such as poly-ICLC, TLR ligands of class 9 such as CpG and 
TLR ligands of class 4 such as monophosphoryl-A. 

9. The pharmaceutical composition according to claim 7. 
wherein the adjuvant is in Solution with the second com 
pound. 
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10. The pharmaceutical composition according to claim 1, 
wherein said second compound is covalently coupled to said 
at least one T cell epitope. 

11. The pharmaceutical composition according to claim 
10, wherein said second compound and said at least one T cell 
epitope are polypeptides encoded by DNA sequences fused 
by recombinant DNA technology. 

12. The pharmaceutical composition according to claim 1, 
wherein said T cell epitope is from an antigen derived from an 
infectious disease agent or from a cellular malignancy, dys 
plasia, tumour or cancer. 

13. The pharmaceutical composition according to claim 
12, wherein the infectious disease agent is selected from the 
group consisting of human papilloma virus (HPV), human 
immunodeficiency virus (HIV), hepatitis B virus (HBV), 
hepatitis C virus (HCV), Chlamydia trachomatis and Myco 
bacterium tuberculosis. 

14. The pharmaceutical composition according to claim 
12, wherein the antigen derived from the cellular malignancy, 
dysplasia, tumour or cancer is selected from the group con 
sisting of carcino-embryonic antigen (CEA), MAGE-A3, 
telomerase (TERT). E7 oncogene from the human papilloma 
virus (HPV) and P53. 

15. The pharmaceutical composition according to claim 1 
formulated for use as a prophylactic vaccine or as a therapeu 
tic vaccine. 

16. The pharmaceutical composition according to claim 1, 
wherein the mammal is a human. 

17. The pharmaceutical composition according to claim 1, 
wherein said composition is formulated for intramuscular, 
intravenous, intradermal, cutaneous, Subcutaneous, intraperi 
toneal, mucosal or oral administration. 

18. A pharmaceutical composition comprising: 
a first compound provoking lymphocytopenia; 
a second compound having selective affinity for APC, 

wherein said second compound is associated to at least 
one T cell epitope of an antigen derived from an infec 
tious disease agent; and 

optionally, a pharmaceutical acceptable carrier, 
as a combined preparation for simultaneous, separate or 

sequential use in the treatment and/or prevention of an 
infectious disease in a patient. 
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19. The pharmaceutical composition according to claim 
18, wherein the first compound is administered before the 
second compound. 

20. The pharmaceutical composition according to claim 
19, wherein the second compound is in solution with an 
adjuvant. 

21. A pharmaceutical composition comprising: 
a first compound provoking lymphocytopenia; 
a second compound having selective affinity for APC, 

wherein said second compound is associated to at least 
one T cell epitope of an antigen derived from a cellular 
malignancy, dysplasia, tumour or cancer; and 

optionally, a pharmaceutical acceptable carrier, 
as a combined preparation for simultaneous, separate or 

sequential use in the treatment and/or prevention of 
respectively cellular malignancy, dysplasia tumour or 
cancer in a patient. 

22. The pharmaceutical composition according to claim 
21, wherein the first compound is administered before the 
second compound. 

23. The pharmaceutical composition according to claim 
22, wherein the second compound is in Solution with an 
adjuvant. 

24. A method of treating and/or preventing a cancer com 
prising administering to a mammal in need thereof the phar 
maceutical composition according to claim 21 wherein the 
cancer cells express the CEA protein, advantageously cancer 
of the respiratory and digestive tractus, wherein the first com 
pound is a rabbit or a horse polyclonal ATG and the second 
compound is a recombinant adenylate cyclase carrying the 
A3-B3 region of the human CEA protein. 

25. A method of treating and/or preventing a cancer 
induced by HPV comprising administering to a mammal in 
need thereof the pharmaceutical composition according to 
claim 21, wherein the cancer cells express the E7 oncogene of 
HPV, wherein the first compound is a rabbit or a horse poly 
clonal ATG and the second compound is a recombinant ade 
nylate cyclase carrying the E7 oncogene of HPV. 

26. The pharmaceutical composition according to claim 6. 
wherein said hsp65 and hsp70 are from Mycobacterium 
bovis. 


